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Abstract  
Refrigeration is the vital role in human life and depending 
all countries now a day’s. Primarily for the preservation of 
food grains, medicine. Also for large quantity of storing 
Chemicals, Industrial type cooling, and air conditioning 
are essential. For Conventional refrigeration systems is 
using Freon as refrigerant. As they are the main cause for 
depleting ozone layer, to cause for health dieses to avoid 
this damage extensive research work is going on alternate 
refrigeration systems. Vortex tube (VT) is non-
conventional cooling equipment, having no moving parts 
which are capable of separating hot and cold air stream 
form an inlet air stream with a proper pressure without 
affecting the environment. The purpose of this paper is to 
present working principle of vortex tube, temperature 
(energy) separation phenomenon and geometrical 
parameters like nozzle, orifice and L/D ratio of vortex 
tube and calculating coefficient of performance (COP) 
compare with CFD analysis and calculate percentage of 
error of vortex tube. 
 
Keywords: Energy separation process, Ranque -Hilsch 
Vortex tube, geometrical parameters, orifice diameter, 
tube length, Experimentation, COP 
 
Nomenclature: 
 
COP            Coefficient of performance 
η                cooling efficiency 
γ                 specific heat ratio 
Pin                 Inlet pressure (bar) 
RHVT          Ranque-Hilsch Vortex tube 
Th                 Hot outlet temperature (
0
C) 
Tc                 Cold outlet temperature (
0
C) 
Tin                 Inlet temperature (
0
C) 
(Lh)              hot tube length 
(Lc)              cold tube length 
P iabs             pressure of the inlet air 
Y                 Cold mass fraction 
Qr                refrigeration capacity 
I. Introduction 
The vortex tube is a thermal static tube that separates 
compressed gas flow to two streams; one stream colder than 
the inlet flow while the other stream is hotter than the inlet 
flow. The vortex tube does not have any moving parts and the 
separation occurs due to vortex flow generation without 
requiring any external mechanical work or heat transfer. The 
vortex tube was first discovered by Ranque [1, 2] who was 
granted a French patent for the device in 1932, and a United 
States patent in 1934. Ranque encountered the vortex tube 
phenomenon while he was experimentally working with 
vortex tube pump in 1928. In 1945, Rudolf Hilsch [3] 
conducted an experiment on vortex tube that focused on the 
thermal performance with different inlet pressure and 
different geometrical parameters. The separation mechanism 
inside the vortex tube remains until today not completely 
understood [4]. Despite its small capacity, the Ranque-Hilsch 
vortex tube (RHVT) is very useful for certain thermal 
management applications because of its simplicity, high 
durability, compactness, light weight, robustness, reliability, 
low maintenance cost and safety [5]. The RHVT can be 
classified into two types Eiamsa-ard et al [6]: (i) The counter-
flow RHVT and (ii) The uni-flow RHVT. In the counter flow 
RHVT type the cold flow move in the opposite direction with 
respect to the hot stream, while in the uni-flow type, the hot 
and cold streams flow in the same direction. In general, the 
counter-flow RHVT is recommended over the uni-flow 
RHVT for its efficient energy separation. By Mohammad O et 
al [7] investigates the effect of nozzle‟s orientation, numbers 
and symmetric/asymmetric arrangements on the energy 
separation. Also the study reports COP calculation for the 
effect of inlet pressure and vortex stopper location. By 
experimentally Mahyar Kargaran et al [8] optimum values for 
cold orifice diameter to the VT inlet diameter (d/D) and the 
length of VT to its inlet diameter (L/D) for this experiment 
proposed. R. Madhu Kumar et al [9] were found that the 
vortex tube with a conical angle of about 2.5˚ surpassed the 
cylinder tube by 25%~30% in COP. The conical vortex tube 
reaches the same or more performance than the normal tube 
but with a smaller length .A study was made by Dr.Ing.Ramzi 
Raphael [10] on the effect of on the performance of uni–flow 
vortex tube by varying the cone valve diameter (dc= 14, 
12,10,8, and 6mm) using two nozzles with varying the 
pressure of the inlet air within the ranges 2-6 bar.  By S. 
Eiamsa-ard et al [11]  experiment on the hot tube is directly 
cooled by cooling water jacket, the mean cold air temperature 
reduction and cooling efficiency of the RHVT with the 
cooling of a hot tube are respectively, 5.5 to 8.8% and 4.7 to 
9% higher than those of the RHVT without the cooling. 
Hemant V. Darokar et al [12] proposed that different 
parameters of vortex tube by inlet pressure 2 to 5bar in step of 
1bar with conical valves (30°, 45°, 60°, 90°) on the 
performance study maximum COP and isentropic efficiency 
found. Jaykumar D. Golhar et al [13] observed that 
experimental results of the energy separation in vortex tubes 
for different nozzle diameters keeping all other geometrical 
parameters constant greatly influences the separation 
performance and cooling efficiency. By Experimentation 
O.M. Kshirsagar et al [14] proposed the effect of various 
parameters like inlet pressure of air, number of nozzles, cold 
orifice diameter and hot end valve angle on the performance 
of vortex tube. Gurol Onal et al [15] experimental studied, 
performance of a tube (RHVT) with threads cut on its inner 
surface was investigated experimentally (pitch is 1 and 2 mm 
with inner diameter D=9 and L/D =12. Fraction of cold flow 
(ξ) = 0.1-0.9, was determined under 300 and 350 k Pa 
pressurized air. The fabrication and experimental 
investigation by K. Kiran Kumar Rao et al [16] was carried 
out based on different materials with same L/D ratio of Hot 
tubes with adiabatic on Mild steel, Aluminium and Copper 
was used in experimentation. Mohammad Sadegh Valipour et 
al [17] proposed series of experiments has been carried out to 
investigate the influence of uniform curvature of main tube on 
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the performance of the vortex tube. Mohammad O. Hamdan et 
al [18] proposed that experimental data point out that 
insulation has minimal effect on the vortex tube performance. 
The same inlet pressure tests show that energy separation 
increases as number of inlet nozzle increases [18]. Gulyaev et 
al [19] recommends a minimum length of 13 times more than 
that of the diameter. Soni and Thompson [20] deduced an L/D 
greater than 45 for efficient working. Singh P.K and et al [21] 
states that the effect of nozzle design is more important than 
the cold orifice design in getting higher temperature drops. 
Balmer et al [22] has demonstrated that the heat separation, 
which occurs inside the Ranque–Hilsch a vortex tube is not 
limited to compressible gases and can be applied for non 
compressible fluids as well. Dincer et al. [23] investigated the 
effect of control valve tip angle on performance of Ranque-
Hilsch vortex tube using different inlet pressures. Behera et al. 
[24]  showed from solutions obtained using computational 
fluid dynamics that this secondary flow could be related to the 
cold end cross-sectional area. It was concluded that a 
secondary flow would occur when the cold end cross-
sectional area was small. Dincer et al [25] carried out energy 
analysis of the vortex tube with regard to nozzle cross 
sectional area and suggested that the variation of the energy 
efficiency increased with increasing pressure and cold 
fraction.  
Kun Chang et.al [26] performed experimentation with hot 
divergent tube and found that the Energy separation 
performance of vortex tube can be improved by using a 
divergent hot tube. Rahim Shamsoddini et.al [27] observed on 
Effect of number of nozzles on the flow and power of cooling 
of a vortex tube using a three-dimensional numerical fluid 
dynamic model. It is observed that as the number of nozzles is 
increased, power of cooling increases significantly while cold 
outlet temperature decreases moderately. Nimbalkar et al [28] 
and Muller presented the results of a series of experiments 
focusing on various geometries of the „„cold end side” for 
different inlet pressures and cold fractions. K. Kiran Kumar 
Rao1 et al [29] presented the results by using homogenous 
wood like rose wood and sapota wood with Length of the Hot 
pipe = 290mm Diameter of the hot Pipe = 12mm with L/D 
ratio=24.  Sushil Patil
1 
  et al [30] proposed that Different hot 
end valve shapes and dimensions were used for obtaining the 
maximum hot gas temperature and minimum cold gas 
temperature through CFD analysis. Boundary conditions were 
modified to obtain the required vortex flow. 
This paper presents experimental results by the different 
investigators on the effect of various geometrical parameters, 
like nozzles, orifice modifications, and experiment etc, to 
improve cop, cooling performance of vortex tube, comparing 
the performance by CFD Analysis and calculate percentage of 
error. 
 
Figure . 1. Vortex tube 
 
 
Fig.11.Model of our Vortex Tube 
 
II. MATHEMATICAL ANALYSIS. 
A. Specimen Calculations (Copper) 
Observations:   
Atmospheric pressure Pa   = 784   KN /m
2
 
Inlet pressure = 784 KN / m
2
 (gauge)  = 784 + 100 = 
 884 KN / m
2
 (absolute) 
Inlet temperature    t 1 = 19
0 
C,   
T1 = 19 + 273   = 292 
0
K 
Cold exit temperature t2 = - 5
0
C    
T2 = -5+ 273 = 268
 0
 K 
Cold air mass flow rate m2 = 1.04x 10
-3
 Kg/S  
Hot air mass flow rate     m3 = 3.33 x 10
-3
 Kg/s 
Calculations:   
Total mass flow rate m1 = m2 + m3 = (1.04+ 3.33) 10
-3
 Kg/s = 
4.37 x 10
-3
 Kg/s 
Mass ratio or cold fraction = 
rate flow massAir  Total
rate flow massair  Cold
 
=  
3m2m
2m

 =  
3
)x1033.3(1.04
-3
10  x 1.04


 = 0.23 Kg/s 
Cooling effect or Refrigerating effect   
Q = m2 x CP (T1 – T2) =   
1.04 x 10-3 x 1.005 x 103 (292-268) = 24 Watts. 
For Air CP = 26.13 KJ / Kg K 
 
Work input rate or power in put [W ] 
  W =   m1  1xRT
γ1
γ

  


















1
γ
1γ
aP
1P
 
=   
4.37 x 10
-3
  x  
4.11
4.1

 x 287 x 293  


















1
4.1
14.1
100
8.784
 =  
1030  Watts 
Coefficient of performance of Vortex tube   C.O.P.  
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rateinput Work  
effect ingRefrigerat
 = 
1030
 24
 = 0.023  
B. Specimen Calculations (Brass) 
Observations:   
Atmospheric pressure P a = 784   KN /m
2
 
Inlet pressure   P1 =   784 KN / m
2
 (gauge)  = 784 + 100 = 
884 KN / m
2
 (absolute) 
Inlet temperature t 1 = 19
0
C     
 T1   = 19 + 273   = 292 
0
K 
Cold exit temperature t2   =   2
0
C     
T2 = 2 + 273 = 275
 0
 K 
Cold air mass flow rate m2 = 1.04x 10
-3
 Kg/S  
Hot air mass flow rate     m3 = 3.33 x 10
-3
 Kg/s 
Calculations:  
 Total mass flow rate m1  =  m2 +  m3  
= (1.04+ 3.33) 10
-3
   Kg/s
 
= 4.37 x 10
-3
 Kg/s 
Mass ratio or cold fraction = 
rate flow massAir  Total
rate flow massair  Cold
=  
32
2
mm
m

 =  
3
)x1033.3(1.04
-3
10  x 1.04


 = 0.23 Kg/s 
Cooling   effect or Refrigerating   effect   
 Q = m2 x  cp  (T1 – T2) =   
1.04 x 10
-3
 x 1.005 x 10
3
 (292-275) = 17.768 Watts.  
For Air CP = 1.005 KJ / Kg K       
Work input rate or power in put   
W =   m1  1xRT
γ1
γ

  


















1
γ
1γ
aP
1P
 
= 4.37 x 10
-3
  x  
4.11
4.1

 x 287 x 293  


















1
4.1
14.1
100
8.784
 =  
1030  Watts 
Coefficient of performance of Vortex tube 
C.O.P. = 
rateinput Work  
effect ingRefrigerat
= 
1030
17.768
 = 0.017 
C Specimen   Calculations (Mild Steel) 
Observations:   
Atmospheric Pressure Pa = 784   KN /m
2
 
Inlet pressure P1 = 784 KN / m
2
 (gauge) = 784 + 100 = 884 
KN / m
2
 (absolute) 
Inlet temperature t 1 = 19
0
C,       
T1   = 19 + 273   = 292 
0
K 
Cold exit temperature t2 = 2
0
C  
 T2 = 2 + 273 =  275
 0
 K 
Cold air mass flow rate m2 = 1.04x 10
-3
 Kg/S  
Hot air mass flow rate     m3 = 3.33 x 10
-3
 Kg/s 
Calculations :  Total  mass flow rate  m1  =  m2 +  m3   
 =  (1.04+ 3.33) 10
-3
  Kg/s  = 4.37 x 10
-3
  Kg/s 
Mass ratio or cold fraction = 
rate flow massAir  Total
rate flow massair  Cold
=  
3m2m
2m

 =  
3
)x1033.3(1.04
-3
10  x 1.04


 = 0.23 Kg/s 
Cooling effect or Refrigerating effect   
     Q = m2 x cp (T1 – T2) =   
1.04 x 10
-3
 x 1.005 x 10
3
 (292-275) = 17 Watts.  
For Air CP    = 1.005   KJ / Kg K 
Work input rate or power in put     
     W =   m1 x 1xRT
γ1
γ

  


















1
γ
1γ
aP
1P
 
 = 4.37 x 10
-3
 x  
4.11
4.1

 x 287 x 293  


















1
4.1
14.1
100
8.784
   
=  1030  Watts 
Coefficient of performance.   
C.O.P.   =  
rateinput Work  
effect ingRefrigerat
 =  
1030
17
  = 0.016 
 
III. ANALYSIS of VORTEX TUBE    
A. MILD STEEL 
Length of the Hot pipe = 120mm   Dia of the hot pipe = 
18mm    L/D ratio=6.6 
 
Sl. 
N
o 
Dia of 
The 
Nozzle 
(Mm)   
Dia of The 
Diaphragm 
(mm) 
Pressure 
(Kg/Cm2
) 
Cold 
Tem
p 0c 
Hot 
Tem
p 0c 
1 8 6 4 20 33 
2 8 6 8 15 32 
3 8 6 12 13 33 
Table:1.11 
 
 
 
Graph no:1.11 
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Sl. 
No 
Dia of 
The 
Nozzle 
(Mm)   
Dia of The 
Diaphragm 
(mm) 
Pressure 
(Kg/Cm2) 
Cold 
Temp 
0c 
Hot 
Temp 
0c 
1 10 8 4 19 32 
2 10 8 8 12 28 
3 10 8 12 2 29 
Table:1.12 
 
Graph no: :1.12 
Sl. 
N
o 
Dia of 
The 
Nozzl
e 
(Mm)   
Dia of The 
Diaphragm(mm
) 
Pressure 
(Kg/Cm2
) 
Cold 
Tem
p 0c 
Hot 
Tem
p 0c 
1 10 6 4 20 33 
2 10 6 8 13 35 
3 10 6 12 3 35 
Table:1.13 
 
 
Graph no: 1.13 
 
Sl. 
N
o 
Dia of 
The 
Nozzle 
(Mm)   
Dia of The 
Diaphragm(
mm) 
Pressure 
(Kg/Cm2
) 
Cold 
Tem
p 0c 
Hot 
Tem
p 0c 
1 8 8 4 16 35 
2 8 8 8 8 37 
3 8 8 12 0 35 
Table: 1.14 
 
Graph no 1.14 
 
B. MATERIAL: BRASS     
Length of the Hot pipe = 175mm   Dia of the hot pipe = 
13mm       L/D ratio=13.5 
Sl. 
N
o 
Dia of 
The 
Nozzle 
(Mm)   
Dia of The 
Diaphragm(
mm) 
Pressure 
(Kg/Cm2
) 
Cold 
Tem
p 0c 
Hot 
Tem
p 0c 
1 8 6 4 13 26 
2 8 6 8 10 22 
3 8 6 12 1 22 
Table: 2.11 
 
 
Graph no: 2.11 
 
Sl. 
N
o 
Dia of 
The 
Nozzle 
(Mm)   
Dia of The 
Diaphragm(
mm) 
Pressure 
(Kg/Cm2
) 
Cold 
Tem
p 0c 
Hot 
Tem
p 0c 
1 10 6 4 15 28 
2 10 6 8 12 22 
3 10 6 12 7 19 
Table: 2.12 
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Graph no: 2.12 
 
Sl. 
N
o 
Dia of 
The 
Nozzl
e 
(Mm) 
Dia of The 
Diaphragm(M
m) 
Pressure 
(Kg/Cm2
) 
Cold 
Tem
p 0c 
Hot 
Tem
p 
0c 
1 10 8 4 17 33 
2 10 8 8 9 26 
3 10 8 12 4 28 
Table: 2.13 
 
 
Graph no: 2.13                          
 
 
Sl. 
No 
Dia of 
The 
Nozzle 
(Mm) 
Dia of The 
Diaphragm 
(Mm) 
Pressure 
(Kg/Cm2) 
Cold 
Temp 
0c 
Hot 
Temp 
0c 
1 8 8 4 12 25 
2 8 8 8 7 24 
3 8 8 12 3 22 
Table: 2.14 
 
 
 
Graph no: 2.14 
 
C MATERIAL: COPPER 
  
Length of the Hot pipe = 285mm Dia of the hot pipe = 13mm    
L/D ratio=22 
Sl. 
N
o 
Dia of 
The 
Nozzle 
(Mm) 
Dia of The 
Diaphragm 
(mm) 
Pressure 
(Kg/Cm2
) 
Cold 
Tem
p 0c 
Hot 
Tem
p 
0c 
1 10 8 4 14 21 
2 10 8 8 4 28 
3 10 8 12 -10 31 
Table: 3.11 
 
 
Graph no: 3.11 
 
Sl. 
No 
Dia of 
The 
Nozzle 
(Mm)   
Dia of The 
Diaphragm 
(mm) 
Pressure 
(Kg/Cm2
) 
Cold 
Temp 
0c 
Hot 
Temp 
0c 
1 8 8 4 14 29 
2 8 8 8 9 26 
3 8 8 12 2 27 
Table: 3.12 
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Graph no: 3.12 
Sl. 
No 
Dia of 
The 
Nozzle 
(Mm)   
Dia of The 
Diaphragm 
(mm) 
Pressure 
(Kg/Cm2) 
Cold 
Temp 
0c 
Hot 
Temp 
0c 
1 10 6 4 13 26 
2 10 6 8 8 26 
3 10 6 12 4 22 
Table: 3.13 
 
 
Graph no: 3.13 
 
Sl. 
No 
Dia of 
The 
Nozzle 
(Mm)   
Dia of The 
Diaphragm 
(mm) 
Pressure 
(Kg/Cm2) 
Cold 
Temp 
0c 
Hot 
Temp 
0c 
1 8 6 4 15 25 
2 8 6 8 13 27 
3 8 6 12 4 25 
Table: 3.14 
 
 
Graph no: 3.14 
IV. CFD ANALYSIS of VORTEX TUBE  A .MILD STEEL 
 
Fig. Geometrical Model of Vortex Tube (Mild Steel) 
 
Fig. Min and Max Temperature in the Vortex Tube (Mild 
Steel) 
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B. BRASS 
 
Fig. Geometrical Model of Vortex Tube   (Brass) 
 
Fig. Min and Max Temperature in the Vortex Tube (Brass) 
 
C. COPPER 
 
Fig. Geometrical Model of Vortex Tube (Material: Copper) 
 
 
Fig. Min and Max Temperature in the Vortex Tube 
 
 
 
 
 
V. PERCENTAGE OF ERROR 
A. Percentage of Error for Copper 
Obtaining temperature result of vortex tube=-5
0
C+273=268
0
K 
As per simulation = 268.535
0
K 
Variation = 268-268.535= -0.535
0
K 
 
Percentage of error=            x 100= 0.19% 
 
B. Percentage of Error for Brass 
Obtaining temperature result of vortex 
tube=18
0
C+273=291
0
K 
As per simulation = 294.65
0
K 
Variation = 294.65 -291= 3.65
0
K 
 
Percentage of error=            x 100= 1.25% 
 
C. Percentage of Error for Mild Steel 
Obtaining temperature result of vortex 
tube=18
0
C+273=291
0
K 
As per simulation = 296.447
0
K 
Variation = 296.447
0
K -291= 5.447
0
K 
 
Percentage of error=            x 100= 1.87% 
 
 
VI. CONCLUSIONS: 
After analyzing the performance of vortex tube with CFD 
Analysis we obtained the values Percentage of Error for  
1. Copper as 0.19% 
2. Brass as 1.25% 
3. Mild Steel as  1.87% 
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